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WAFER PREPARATION

STEP ¢ {I) | STEP & (13)
WASH BEAKER, RINSE IN ACETONE
HOLDER AND WAFER ,
(14)
STEPy (2) RINSE IN METHANOL 1
RINSE (DEIONIZED WATER)
(15)
(3 ~ | RINSE IN DEIONIZED WATER (FLOWING)
RINSE (METHANOL) -
(1I6) '
4) DRY IN NITROGEN GAS
RINSE (TRICHLOROETHYLENE) B
{I7)

5) . '
( . POLISH WAFER '
RINSE (ACETONE) '

(18)

(6) { ETCH WAFER (BROMINE)
RINSE (METHANOL)

(19}

oyl RINSE (ALCOHOL)
RINSE (ALCOHOL ) | )

v (20)

(8) | DRY (NITROGEN GAS)
DRY (NITROGEN GAS) -
y (9) - ‘
ASSEMBLE

(10}

BOIL WAFER
IN
TRICHLOROETHYLENE

F/G. 2

(11)
RINSE WAFER
IN
TRICHLOROETHYLENE

(12)

REPEAT 10 & Il
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, DEPOSITION OF DIFFUSION MASK

STEP ¢ (1)

CLEAN DEPOSITION CHAMBER

STEP ¢ (13)

" 'UNBOND WAFER

| (14)

| (2) |
-
(3) | ' '
| | | PLACE MASK ON WAFER
RECLEAN WAFER (O_PTIONAL)

IN
(16)

REMOV
(5) E MASK

PURGE CHAMBER WITH N | (7]

DEVELOP PHOTORESIST

(6) |
e

REPEAT STEPS 4-6,9 & 10

DEPOSITION CHAMBER

(7)

o ADMIT SiHgq O2 8 N2
- ¢ (8) | '
CUTOFF DEPOSITION . (20)
" L Rrmse
~ COOL WAFER

(19)
STRIP PHOTORESIST

| (21}
(10) RY
REMOVE WAFER (22) '

- FROM
DEPOSITION CHAMBER REPEAT STEPS 4-6,9 810

(11)
BOND WAFER

To '. FIG. 4

SPINNER

(12}

- APPLY PHOTORESIST
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_ ~ WAFER DIFFUSION
STEP (1) STEP ¢ (10)

WASH AMPOULE DRY(N2)

RINSE (DEIONIZED WATER)
RINSE (METHANOL )

(1)

PLACE WAFER
AND

DIFFUSION SOURCE
IN AMPOULE

(12)
SEAL LARGE AMPOULE OPENING

RINSE (HOT TRICHLOROETHYLENE)
(13)
EVACUATE AMPOULE

(14)
SEAL SMALL AMPOULE TUBE

RINSE (HOT ALCOHOL)

RINSE (HOT ACETONE)

(15)
SLIDE AMPOULE INTO FURNACE

LY

(16)
BAKE

RINSE (DEIONIZED WATER)
y {17)

. (2)
. 3) —
_ (f) .
- ‘(5'1 ' -
- 4(6) . . |
(7_) . ‘
. ite) . .
. (9) - I . _ - WITHDRAW AMPULE FROM FURNACE
FIG. 6

'

]
]
a
'
4
]
'

| RINSE (ALCOHOL)

(i8)
QUENCH

- SOAK (AQUA- REGIA)

y (19)
BREAK AMPOULE
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ARRAY PROCESSING

STEP[ (i)

_ STEP ] (i2)
STRIP OFF Si0s (HF) DEPOSIT Si0
(2) -' (13)
ETCH (LACTIC AND NITRIC ACID) ' " DEMOUNT WAFER
| (3) _ | (14}
APPLY PHOTORESIST DISSOLVE UNEXPOSED PR

| (4) | | (15)
_ (Pt OR Pd}
(5) . -'

(17)

— SYSTEM -
DEVELOP (LEAVE UNEXPOSED PR) . _
. ' (18) S
(8)
. | (19) ' '
' ' (9) - DEPOSIT GOLD '
-

DEPOSIT CHROME

- (20) -
(10} .
DEMOUNT WAFER
MOUNT WAFER . :
‘N (21)

EVAPORATION SYSTEM _ - - _
— SCRIBE AND BREAK WAFER
' ~ INTO ARRAYS - .

(22)

MOUNT ARRAYS ON SAPPHIRE BASE

FIG. 7
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PLANAR INDIUM ANTIMONIDE DIODE ARRAY
- AND METHOD OF MANUFACT URE

 The mventlon deserlbed herem may - be manufac-
tured, used, and licensed by the U.S. Government for

' - governmental purposes w1thout the payment ef anyl

| royaltles thereon.
' BACKGROUND OF THE INVENTION

4 286, 277

2

.. 1nt0 the wafer and hawng a well defined preferably

S
- a minimum leakage of charge carriers is maintained

rectangular contact surface coplanar with one of the .'

above broad surfaces. Usually the diodes will be copla-

" nar with the same surface and that surface will be flat. |

The diodes are spaced as closely as p0551b1e i.e. so that

~ between the pockets and their electrodes (to be de-

Indmm-anumomde (InSb) has been found to be a-
- particularly usefu_l semiconductor material for making -
photovoltaic detectors in the 3-5 micrometer wave-

length portion of the infrared spectrum. The structure
15

~usually consists of an n-type material doped with tel-

lurim onto which is diffused cadmium or zinc to form a -
p-type layer. Due to the difficulty in masking this diffu-

sion the p-type material has been applied to the entire
surface of the n-type material and then the portions
between diodes are etched away to produce individual

mesas. These mesas become troublesome during the

subsequent steps of surface passivation and electrode

- -scribed). A passivating layer 14 covers said one broad
~surface, the coating preferably being chemlcally inert,
- 10

impervious to atmospheric gases and vapors,. structur- |

ally sound and transparent to light of Wavelengths in the
3-5 micrometer region. A coplanar opening or window

1s defined on the wafer surface by the layer 14 over each

 pocket the window having an area which is only a small

percentage of the contact surface, e.g. about one mil
square on a pocket several mils square. An electrode, .

‘consisting of a base layer 15 and two elements 16A and |
16B, overlaps the window and the passivating layer 14

- to provide a broad external contact surface and an inti-_

20

mate internal surface in contact with the coplanar sur-

- face of the pocket but well spaced from the junction of

formation due to the difficulty in controlling the film

thickness at the edges of the mesa. This process also
produces a certain amount of contamination of the n-

type material between the diodes which can lend to

25

the n and p-type materials. The material 15 is chosen to

“be chemically inert and a good conductor. The material

16A 1s chosen less for its electrical conductivity than its
adhesive qualities and high melting point relative to the

- adjacent materials in the diode. The material 16B is

poor yields or undesireably large spacing of the diodes.

* BRIEF DESCRIPTION OF THE INVENTION

CItis an object of the present invention to get around.

“these difficulties by diffusing the p-type material into
the surface of n-type material through a silicon dioxide

~ mask thereby producing planar semiconductor struc-

ture. The silicon dioxide mask is removed from this
structure which is then provided with surface passw-
. ation and electrode lead out structures. -

'BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood with reference to
the accompanying drawings wherein:

FIG. 1 is a cross-sectional view of one diode element
made in accordance with the present invention;

FIG. 2 is a flow chart of the surface preparation steps

chosen for its high conductivity and low melting point. .
The preferred materials for elements 14-16B are S10,a

~ noble such as palladium or platinum, chromium and

30

35
" this material has previously been doped with Te to

gold, respectively. Gold leads 17 are placed on each

“electrode and permanently connected with a fillet 18 of

their common material formed by the. application of
nest and/or pressure. |

To make the above array, the wafer of InSb is first
prepared as indicated in FIG. 2. As previously indicated

obtain a carrier concentration of 2X 1015 cm—3 and a
mobility between (1.5 and 2)X 10° cm?V sec—1. The
wafer is 36 mils thick, % to 1 inch in diameter and has its
broad faces within one degree of being parallel to the

- (111) planes of its lattice structure. The preparation -
- includes the following steps:

- performed on the n-type InSb wafer which precedes the -

appheatlon of a silicon dioxide mask;
- FIG. 3 is a cross-sectional view of the vacuum cham-
ber (VC) used to deposit the SiO; mask; |

FIG. 4 is a flow chart showing the steps 1nvolved in
forming the S107 mask; |

FIG. 5 is a cross-section of the ampoule used in dlffus-
ing the p-type regions of the wafer;

45

50

FIG. 6 is a flow chart showmg the steps lnvolved in

formlng the p-type regions;

FIG. 7 is a fiow chart showing the remaining steps
necessary to complete a dlode array for use as a photo-
detector; and -

FI1G. 8 is current vs. voltage plet of a number of
diodes manufactured according to the present inven-
tion

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referrlng specifically to FIG. 1 there is shown a
cross section of one diode 11 in a large array that may
contain hundreds of diodes. The diodes share a base
consisting of a wafer 12 of n-type InSb having substan-
tially parallel broad surfaces. Each diode includes a

separate region or pocket 13 of p-type material diffused

33

1. The preparatlon breaker, wafer holder and the
wafer are washed in a low sudsing laundry detergent
(the holder being any frame-like inert structure for

- firmly holding and manipulating the wafer by touchlng
it only near its edges) |

2. The wafer is then first nnsed in hot (80“—90“ C)
deionized water;

3. This is followed by a second rinse in methanel,

4. Then a third rinse in trlcholorethylene

5. A fourth rinse in acetone; |

6. A fifth rinse again with methanol;

7. And finally a sixth rinse in ﬂowmg deiontzed water

8. The three elements are then dried with a blast of
nitrogen gas; |

9. The wafer is next placed in the helder and beth'
placed in the beaker;

- 10. Trichlorethylene is added to the beaker and heated*

60

65

to 1ts boiling point; o
11 After a few minutes of boﬂmg, the boﬂmg tr1c:hlere-

thylene is poured off and a fresh warm quantlty .

added as a rinse and also poured off;

12. Steps 10 and 11 are then repeated;

13. Acetone 1s next added and poured off;

14. Step 13 is then repeated using methanol 1nstead of
-acetone; -

15. Step 13 1s agaln performed usmg delonized water;



4,286,277

T
w
16. The wafer 1s finally removed {rom the beaker and
holder and dried in a blast of nitrogen gas without
touching its broad surfaces;

17. The wafer 1s next mounted on a pyrex lapping

plug using wax as an adhesive and inserted into a glass

lapping fixture. The wafer i1s then polished with a pellon
pad (PAN-W) saturated with 2% sclution of bromine in
ethanol or 1sopropyl alcohol. When 1sopropyl is used it

must be cold (0° C.) and mixed siowly. The polishing
continues for five minutes or until surface has a per-
fectly smooth appearance. The wafer 15 then quenched
in methanol or 1sopropyl alcohol to stop the etching.
18. At this point the wafer is free etched in a fresh

solution of 2% bromine in methanol or 1sopropyl alco-

hol for 1 minute.

19. The etching is followed by a rinse 1 isopropyl
alcohol;

20. Finally surface preparation is completed by dry-
ing the wafer again in a blast of nitrogen gas.

FIG. 3 shows a special deposition chamber (DC) used
In preparing 2 silicon dioxide mask for the wafer. The
wafer 11 i1s supported in the chamber on a carbon heat-
ing block 31 which can be heated by an electric current
therethrough to temperatures in excess of 500° C. Such
a current 1s supplied through eclectrodes 32 which ex-
tend through the heavy base 33 of the chamber sealed
and are insulated with respect theretc by pressure
sealed dielectric bushings 34. The base 15 shaped to
define a circular groove 35 into which is placed an
o-ring 36. A circular glass dome 37 covers the carbon
block and engages the o-ring to seal off the chamber. A
clamping ring 38 attached to the base by thumb screws
39 holds the dome in place. A thermocouple 4@ is
mountea in the center of the carbon block. A cable 41
sealed through the base carries the thermocouple leads
out to an external meter {(not shown). A plurality of
tubes like 42 and 43 sealed through the base are distrib-
uted over the flcor of the chamber to introduce varicus
processing gases. An additional pluraiity of tubes 44 are
provided to exhaust unwanted gases from the chamber.

As indicated in FIG. 4 the deposition of the silicon
dioxide mask involves the following steps:

. The depoesition chamber is {irst cleaned using the
same procedure given in sieps 1-9 for the wafer, ete.
‘The carbon block is cleaned separately by soaking it in
hydroflouric acid;

2. The block is then placed in the chamber with flow-
ing nitrogen gas and dried at 450° C.;

3. If the wafer has been handled or poorly stored for
a sufficient period of time the cieaning steps 1-9 in FIG.
2 should be repeated, but normally no further prepara-
tion is required:;

4. The clean wafer is inserted directly into the carbon
block;

J. The chamber is subsequentiy purged with nitrogen
gas including all gas lines and exhaust lines leading to or
from the chamber;

0. The carbon bleck is then heated to between 370°
and 400° C.;

7. Once the system is completely purged oxvgen (G3)
and silane (SiHg) are intreduced on a mole for mole
basis along with the nitrogen to produce z silicon diox-
ide layer on the heated wafer surface, the flow rates
used were 60 cc/min for silane, 60--90 cc/min for oxy-
gen and 2000 cc/min for the nitrogen;

8. As the 510 layer grows it changes color and this
can be observed tnrough the glass domne of the chamber,
after the layer has proceded from tan to purple to blue

LA
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4.
to yellow to rose to purple to blue the reaction is halted
by reducing the current supplied to the carbon block,
shutting off the silane supply and then stopping the
OXYEen;

9. The final layer will have a blue-green color and
should be about 3000 A thick, thicker films produce
stains 1in the wafer and thinner films fail to mask out the
diffusion materials, the flow of nitrogen is maintained
only until the water approaches room temperature;

10. The room temperature wafer is now removed
from the deposition chamber;

11. The waier is next placed on a spinner or rotating
platform which spins wafer about its cenier axis at 5000
rpm;

12. 'The layer of photoresist 1s applied by pouring the
photoresist onto the center of the wafer, a product
known as Shipley 135 serves quite well;

13. After spinning 20 minutes at 80° C. the wafer is
removed from the spinner;

14. A glass mask defining the p-type regions or pock-
ets 1s attached to the wafer:

15. The wafer with mask is then exposed to ultravio-
let light to expose the photoresist;

16. The mask is next removed from the wafer:

17. The photoresist is now developed without remov-
ing the photoresist from the pocket regions;

18. Steps 4-6, 9 and 10 are now repeated except that
the wafer is heated only to 105° C. for a total time of 30
minutes;

19. The silicon diode 1s next removed from the pocket
regions by soaking the wafer is a buffered hydroflouric
acid solution consisting of 200 gm. of NH4F, 70 ml. of
HE and 500 ml. of water for two minutes, the solution
1s then renewed and the wafer soaked for an additional
2 minutes;

20. The diode is then rinsed in deionized water to
remove any remaining acid and loose particles of silicon
diode;

21. Any remaining water is then removed with a blast
of nigrogen gas;

22. Steps 4-6, 9 and 10 are then repeated except that
temperature is maintained between 310°-350° C. for 15
minutes;

FIG. 5 shows ampoule 51 used to diffuse the p-type
material into the n-type base. The ampoule is made from
commercially available pyrex glass. The central portion
has an inside diameter A of 4 cm. A tubular mouth
portion 52 having an inside diameter B of 3 cm and a
length C of 5 cm is formed on one end by tapering the
last couple of centrimeters of the central portion. An
exhaust tube 83 with an inside diameter 2 of 0.9 ¢m and
a length E of 16 cm is formed in a similar fashion on the
opposite end. This tube has a partial pinch off 54 a
distance F of about 1 cm from the central portion. The
cental portion has a length G of 22 cm about 18 cm of
which has a uniform diameter. The wafer 11 is placed
through the mouth portion and pushed to the cpposite
end of the central portion. A diffusion source is also
placed through the mouth portion, but is piaced near
the mouth portion in the central portion. The center of
the source and the wafer are spaced apart a distance H
equal to 10 cm. Before placing either, however, the
ammpoule must be thoroughly cleaned as a part of the
diffusing process.

FI1G. 6 shows a flow diagram of the steps involved in
diffusing the p-type material intoc the wafer, which are:

1. The ampoule is washed with a low sudsing deter-
gent;



2. Thts is followed by a ﬁrst rinse in delomzed water;
3. A second rinse in methanol; o

4. A third rinse is hot trrchloroethylene

5. A forth rinse in hot acetone; -

6. A fifth rinse in hot (the term “hot” as used hereln
implies just below boiling of the materlal 1nvolved)
alcohol (isopropyl-dry); o SRR
B Then followed by a thlrty mmute soak In aqua
8. Another rinse in deionized water; and

9. A final rinse in alcohol (isopropyl-dry);

10. The ampoule is then dried with a blast of nrtrogen
gas;
11. The wafer and dlffusron source are now. 1nstalled
‘in the ampoule as previously indicated, the diffusion
source consisting of 80 to 100 mg slug of an alloy of
- 10% cadmrum in indium plus a small amount of anti-

| mony shot, all of which are 99.9999% pure; |

- 12. The mouth of the ampoule is next sealed by heat-
.mg it to its softening point and compressmg it wrth a
metal clamp; |

13. The exhaust tube i is then connected to a vacuum
system and pumped to a vacuum of 10~ torr;
~ 14. While the vacuum is maintained the prnch off is
heated untrl the tube is sealed by external atmosphere
pressure;

15. The ammule is then disconnected from the vac-

uum system, placed on a stainless steel cradle (not
shown) and pushed slowly and steadily into a furnace
along a track having a minimum positive temperature

gradient of 0.4°-0.5° C./cm and a temperature peak of
between 400° and 450° C. near the center of the furnace,
the wafer end of the ampoule is introduced first about
25 centimeters from the furnace center and takes 30
minutes to reach the center, so that the wafer does not
suffer themal shock damage and is always 4°-5° C.
hotter than the source; | |

16. The wafer is held at the center of the furnace for

6-9 hours, to prowde a diffusion depth of 3-5 microns;
~17. The ampoule is then withdrawn source-end first
at the same speed at which it entered; |
~18. As the source emerges from the furnace that end
of the ampoule is quenched by.clamping with metal
pliers to condense excess cadmmm and antnnony vapor
there rather than on the wafer;

19. After cooling the ampoule is scnbed wrth a glass
cutter and broken to obtain the wafer which 1s now
ready to be processed into a detector array or arrays.

FIG. 7 is a flow diagram of the processing which
_' ylelds the final array structures and involves the follow-

ing steps:

1. The silicon dioxide mask is first removed by etch-
ing in the above mentroned solutron of hydrofluoric
acid for 3 minutes;

2. The wafer is then etched with a solution of 10 parts
of lactic acid and one part of nitric acid, for about one
‘minute, i.e. approximately one micron per minute. Sev-
eral small equal portions removed from the chip should
be etched for different times and tested for quantrum
efficiency before comnnttrng the | remarnmg wafer to the
-etching bath), T

3. A thick layer of positive photoresrst is then apphed
~ to the diffused surface of the wafer in the manner of
~ steps 11-13 of FIG. 4;

4. A second optical mask deﬁmng window areas
within the diffused pocket regtons is next attached to
~ the wafer; |

5. The photoresrst 1S then exposed to ultrawolet light;

'20

5
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6. The second mask can now be removed | |
7. The photoresist is developed leavrng plugs of thls

materral on the window areas; -

8. The wafer is next anodized in-a 0.1 normal solutlon

of KOH or NH40H, the applied voltage is 18 volts wlth |

the .current limited by. a 2000 ohm resistor, the process

~ is halted when the n-type material begins to turn green-

10

gold and the p-type material turns purple; .
9. The wafer is then rinsed in warm (80“--90 C)
deromzed water; - |
-10. Next the wafer is mounted in the vacuum cham-
ber of a standard metal evaporation system (ES) which

s pumped to a vacuum of 10— torr;

15

25

30

35

- 11. A A/4 coating (approx. 1 micron) layer of silicon
monixide is.evaporated over the diffused surface of the

wafer from a commercially available pure source using

an electrically heated tungsten boat, to form an insulat-
ing, protective and anti-reflective coating; |
12. The wafer is now removed from the chamber;

13. The remaining photoresist is then dissolved away " |
" from acetone which easily passes through the poorly .
-formed pourous silicon monoxide covering it, the latter

being easily removed by a subsequent flush with deion-

ized water exposing the surface of the pockets w1th1n

the window areas; |
14. After the flush, the wafer is placed in an electro- |

.'platrng bath and the exposed pocket surface is coated

with a base layer either platinum or palladrum to a

thickness of about 100 A;
'15. After plating a thll‘d thin metal mask contalnmg

apertures to define a contact area for each diode is
mounted on the wafer, this area overlaps the contact

windows and the silicon monoxide to provide a suffi-
ciently large area for lead soldering; |

16. The wafer is then remounted in the evaporation
system, whrch is again pumped to a vacuum of 10—¢

torr;
17 A ﬁrst contact layer of chrome 100-200 A thlck is .

first deposited through the third mask;
18. A second layer of gold is then deposited over the

‘chrome for a thickness of about 2000-3000 l&

19. The completed diodes can now be demounted '

- from the ES, assuming a perfect yield a very large scale

45

50

array would exist at this point;
20. If a perfect yield is not expected or needed the
wafer can be scribed and broken 1nto smaller arrays;
21. It is convenient in many cases to indium solder

these chips on sapphire bases which provide added
‘strength, electrical insulation and excellent thermal -

conduction. | |
The common return conductor for the diodes can be

formed on any portion of the n-type material at the same

“time and in the same manner as the contacts for the

- p-type areas, or it can be applied as a protective coating

55

65

on the back of the wafer (or chip). The soaking or rins-

ing steps above can be accompanied with-agitation to
improve their efficiency. :

FIG. 8 shows a plot of current vs. bias voltage for an
array of diodes fabricated by the method discussed

above. Note the uniform 1rnpedance (15 megohms) and

the uniform and well formed knec in their characteristic
curves.

‘Many variations of the above mentioned methods and )

resulting products will be immediately apparent to
those skilled in the art, but the present invention 1s llm- a
ited by only the claims which follow o |
I claim:
1. A photodiode comprising:
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a wafer of n-type indium antimonide doped with
telluride having a carrier concentration of 2 X 1015
and a mobility between 1.5 and 2 times 10°; said
wafer having a planar surface;

isolated pockets of p-type material imbedded in said
wafer having exposed contact surface areas. COpla-
nar with said planar surface;

a layer of silicon oxide covering said planar surface

- and contact surface except for a small percentage
of said contact surface; and

a separate electrode at each pocket covering and
contacting said small percentage of contact surface
and at least a continuous narrow strip of said silicon

oxide surrounding said small percentage of contact
surface, wherein each electrode comprises: a thin
layer of a noble metal covering only said small
percentage of contact surface area, a layer of chro-

10
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8

mium covering said noble metal and some of the
surrounding stlicon oxide, and a layer of gold cov-
ering said chromium.

2. A photodiode according to claim 1 wherein:

sald noble metal 1s palladium.

3. A photodiode accordmg to claim’ 2 wherein:

said nobel metal 1s platinum. |

4. A photodiode according to claim 1 wherein:

said COplanar surface of both said wafer and said
pockets 1s anodized except for said small percent-

age of said contact area.
5. A photodiode according to ¢laim ‘1 wherein:
said layer of noble is 100 A thick.

6. A photodiode according to claim § wherein:
said layers of chromium and gold have thicknesses of

100-200 A and 2000-3000 A respectwely

i e i 1
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